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with laboratory and ﬁeld works. The analysis of the classiﬁed satellite images indicated a consider-
able increase in the spatial extents of the agricultural land use. The spatial extents of the agricultural
areas have increased by 10% during the period from 1988 to 2008. This increase had basically
occurred on the expense of the bare soils. The results of this research imply the possibility of using
the multi-temporal satellite data for understanding the interchange of the agricultural land use with
the surrounding bare areas for the purpose of modeling the potential environmental changes in the
future in one of the most important agricultural area in Saudi Arabia.
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The integration of remote sensing and ﬁeld measurements rep-
resents a valuable source of information for monitoring the
environmental changes and the development planning (Geotz
et al., 2003). Identiﬁcation and analysis of landscape changem
or Remote Sensing and Space
evier B.V. All rights reserved.
tional Authority for Remote
lsevierare considered key components for studying the environmental
consequences of the change (Sohi, 1999). From this perspec-
tive, the assessment of land resources such as agriculture land
use has been considered reliable information on resource
conditions and the effects of different resource use patterns
(Amissah-Arthur et al., 2000). However, acquiring this
information at appropriate temporal and spatial scales is a
challenge in most of the cases.
Remote sensing techniques can be used for monitoring the
agricultural land use change such as spatial locations, spatial
extents, and spatial cropping pattern. It represents a potential
effective approach for studying the different factors controlling
the agricultural change. Satellite imageries are a potential
source of information that enables studying vast areas with
the same observational parameters, and achieves a regional
perspective that is difﬁcult to be obtained from conventional
ground survey only (Qari et al., 1999). In addition, satellite
imageries can be utilized for effective management of
Figure 1 Location map of the study area assigned on the
geographic map of Tabuk Province (Saudi Ministry of Petroleum
and Resources, 2002).
38 K.M. Al-Harbiagricultural resources (Gatsis et al., 2005; Phoompanich et al.,
2005) and deﬁning and analyzing the trend of the agricultural
changes over the past two decades in the study area.
Many studies were conducted using remotely sensed data
and correlated with ﬁeldwork assessment for monitoring the
trends of the environmental changes in areas under the arid cli-
mates. Al-Harbi (2003) used the Landsat TM data to apply Ra-
tio Vegetation Index (RVI) for monitoring the agricultural
expansion in the eastern part of Tabuk area. Merging two
RVI images to produce a RVI image that indicated three modes
of agricultural changes as decrease, increase, and no change.
Phoompanich et al. (2005) applied multi-temporal radar satel-
lite data (SAR) for monitoring the current agricultural produc-
tion along with planning the future expansion. Mya (2007)
utilized various remote sensing techniques and Geographic
Information Systems (GIS) for detecting the trend of the envi-
ronmental changes in Indonesia. The elements of changes were
noted as pollution, urban growth, and change the use of natural
resources. Rouchdi et al. (2008) assessed irrigated crop lands in
the south part of Morocco throughout using SPOT 4 XS
images. The study based on the application of supervised clas-
siﬁcation maximum of likelihood algorithm, which help in
detecting the shape and size of agricultural land. Guo et al.
(2007) used remotely sensed data andGIS for obtaining agricul-
tural information in a selected area of China. The study was
based on the supervised classiﬁcation for two selected images
which were displayed within GIS for agricultural land use
change detection. Gatsis et al. (2005) used SPOT 1–2 images
for monitoring and mapping land cover and land use in a se-
lected area of Greece. The study adopted supervised classiﬁca-
tion to classify land cover and land use, with emphasis on
deforestation and desertiﬁcation indicators. Amissah-Arthur
et al. (2000) applied the integration method of satellite data,
biophysical and socio-economic information data to assess
farm land dynamics and land degradation on Sahelian land-
scapes. The authors used the supervised classiﬁcation applying
the maximum likelihood algorithm for mapping the farmland
and degraded areas. Zhang and Yan (1999) compared between
the radar data and other remote sensing data resulting in a con-
clusion that radar data has the advantage of collecting agricul-
tural data especially the status of crop growing under cloudy
condition. The objectives of the present research are to monitor
the major agricultural changes, indicate the size and the shape
of differences, and assess the reasons of that agricultural
change. The produced maps as a result of monitoring the agri-
cultural land use with the aid of remote sensing data will pro-
vide the Saudi Arabia government with adequate information
about the rate of land cover conversion, in order to establish
a reform policy of land cover and land use in Tabuk area, Saudi
Arabia.
Figure 2 Annual rainfall in the study area (TabukMeteorological
Station, 2009).2. The study area
Tabuk region is one of the largest regions in Saudi Arabia
which covers an area of 139,000 km2, and corresponds to
about 7% of the country’s total area. The agricultural area
of investigation is located in the north of Tabuk city and
roughly is extended from latitudes 28 280 to 28 400 N and lon-
gitudes from 36 060 to 36 290 E (Fig. 1). The area of interest
occupies 543.4 km2. This area is dominated by rock structuresof Tertiary Era. The Quaternary formations comprise alluvial
deposits of silt and gravels while the mountainous areas are
dissected by many internal valleys.
According to Tabuk Meteorological Station (Meteorological
Station, 2009), the summer season is hot where the aver-
age temperature is 40 C. The winter season extends from
December to March with low temperatures that sometimes
Figure 3 Photo of the agricultural land use in the study area
(picked up in 28/8/2009).
Figure 4 Flow chart of data collection and methodology.
Figure 5 Satellite images: (A) false color composite 7 4 2 of
Landsat TM image dated April 1988, (B) false color composite 7 4
2 of Landsat TM image dated April 1999, and (C) false color
composite 2 1 4 of SPOT 5 XS image dated August 2008.
Figure 6 The average spectral reﬂectance of TM data of 1988
and 1999.
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from December to February as a result of the Mediterranean
cyclones. No or very limited rainfall occur in summer
(Fig. 2). As an arid region, the rates of evaporation exceed
many times the rates of precipitation. Under these climatic
conditions, natural vegetation is sparse with increasing
amounts of grasses, and shrubs during rainfall of winter sea-
son. Soil texture is generally loamy sand, which is suitable for
many of the agricultural production. Through the last two
decades, the study area witnessed many agricultural projects,
and the landscape of the area has been affected by remark-
able transformations as a result of the agricultural expansion.
Area of Tabuk region is estimated by 2.34 million hectares,representing 16.8% of the total area including some success-
ful agricultural projects for wheat, fruits, and vegetable pro-
duction. They are generally producing 9500 tons/year wheat,
Figure 7 The average spectral reﬂectance of SPOT data.
Figure 8 Classiﬁed images that discriminate the three landscape
components in the study area which are the agricultural lands,
bare soils, and the mountainous areas: (A) 1988, (B) 1999, and (C)
2008.
Table 1 The relative change of the agricultural, bare soils, and
mountainous components of the study area as calculated from
the classiﬁed images.
Land use
land cover
Area (km2) Net change (km2)
1988 1999 2008 2008–1988
Agriculture 83.9 110.7 138.8 5.11594
Bare soils 322.6 295.7 268.4 5.134339
Mountains 136.9 137.0 136.2 0.70
Figure 9 The relative changes in the land use/land cover in the
study area through the last two decades.
40 K.M. Al-Harbiexporting 8000 tones/year fruits, and giving 25,000 tones/year
vegetable (Tabuk Chamber of Commerce Industrial, 2008).
So the area has increasingly become an exporter of wheat,
vegetable and fruits crops. Currently, some agricultural pro-
jects in the study area are shifting for growing Alfalfa insteadof wheat. This shift resulted in more use of groundwater,
which approximately reached to ﬁve times of wheat crop
requirements (Fig. 3).
3. Remote sensing data and methodology
The study adopted an integrated methodology to map the var-
ious changes in the spatial characteristics of the agricultural
areas through the time period extending from 1988 to 2008.
The methodology relied on analyzing the classiﬁed satellite
imagery, GIS, and the ﬁeld observations (Fig. 4).
A Landsat TM image dated 1988, a Landsat TM image da-
ted 1999, and a SPOT 5 XS image dated 2008 that cover Tabuk
area were used for this study (Fig. 5). All data were obtained
from Saudi Center for Remote Sensing at King Abdulaziz City
for Science and Technology. The images were geo-referenced to
the same projection parameters using 20 ground control points
(GCP). The spectral reﬂectances of the various components of
the landscape of Tabuk area were carefully identiﬁed and ana-
lyzed as indicators for successful supervised classiﬁcations
(Figs. 6 and 7). Based on the spectral reﬂectance, the training
sites of the various land cover classes forming the landscape
Table 2 Soil characteristics of the study area.
Soil characteristics Sample No.
1 2 3 4 5 6
Chemical characteristics
pH (0–14) 7.55 7.5 7.56 7.97 7.7 7.48
EC (ds/m) 3.12 3.65 5.31 5.02 2.5 3.45
Calcium (mg/L) 2370 2580 2337 2623 2876 2376
Magnesium (mg/L) 208 196 212 205 228 201
Potassium (mg/L) 319 212 354 244 196 58
Sodium (mg/L) 133 276 165 220 92 178
Phosphorus (mg/L) 23.91 42 33.37 56 32 55
Chloride (mg/L) 850 620 1446.36 851 798 510
Bicarbonate (mg/L) 305 305 305 458 305 305
CaCo3 (mg/kg) 6.93 7.52 8.32 8.02 18.61 10.30
Textural characteristics
Sand (%) 79 84 82.75 83.43 75.04 76.41
Silt (%) 14.25 10.5 13 12.12 19.69 15.52
Clay (%) 6.75 5.5 4.25 4.4 5.27 8.17
Soil texture Loamy sand Loamy sand Loamy sand Loamy sand Sandy loam Sandy loam
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for the maximum likelihood supervised classiﬁcation algorithm
for the discrimination and mapping the various land use and
land cover in the study area. The identiﬁed classes in the three
classiﬁed satellite images were tested through ground checking
in August 2009. A Global Positioning System (GPS) receiver
was used for determining the positions of the investigated sites
in the study area.
Soil properties and hydrological parameters were studied
where, six soil samples and six water samples were collected
from different agricultural ﬁelds and were analyzed at Tabuk
Agricultural Development Company Laboratory (TADCO).
Analyzing soil characteristics and hydrologic parameters
helped in understanding the agricultural changes through the
last two decades.
4. Results and discussion
According to (Fig. 8) the supervised classiﬁed image of the 1988
indicated that the mountainous areas were occupying
136.9 km2, the bare soil areas were 322.6 km2, and the agricul-
tural areas were 83.9 km2 (Table 1). Signiﬁcant changes in the
spatial extents of these elements have been recorded from the
supervised classiﬁed image of 1999. The agricultural area in-
creased to reach 110.7 km2. This increase occurred on the
expense of the bare soils which minimized in its spatial extents
to be 295.7 km2. The spatial extents of the mountainous areas
kept without signiﬁcant change. A further increase in the agri-
cultural areas on the expense of the bare soil has been recorded
form the supervised classiﬁed image of 2008. The spatial extents
of the agricultural areas reached 138.8 km2 in 2008 on the ex-
pense of the bare soils whichwere reduced to 268.4 km2.Analyz-
ing the net changes indicated that the total increase in the spatial
extents of the agricultural lands from 1988 to 2008 was 54.9 km2
in the study area. In the whole time period, the total change rep-
resents 10% of the whole studied area with approximately 0.5%
a year. This increase in the spatial extents of the agricultural
lands occurs basically on the expense of shrinking of the bare
soils while there is no signiﬁcant change in the mountainousareas (Fig. 9). However, this increase of the agricultural activi-
ties does not only changed the components of the original land-
scape in the study area but also might pose potential
environmental impact on water reserve and quality and on soil
properties in particular chemical and physical characteristics.
Soil samples were collected from different sites of the study
area for the chemical and the physical analyses (Table 2). The
soils of the study area are loamy sand. The pH values ranges
from 7.55 to 7.97 which implies that the soil alkalinity did
not reach yet the critical limit which is 8.00. The soil samples
are relatively higher for soil samples implying the necessity
of leaching for the locations where these samples were col-
lected. Bicarbonates record high values in all samples denoting
the possibilities of deterioration of soil structure that could
have potential negative impact on the growth of the various
plants. Regarding the fertility elements, sample 6 has low value
of Potassium while sample 5 has low value of Phosphorus. In
addition to analyzing the physical and the chemical character-
istics of soil, it is important to mention that the water table of
the groundwater has decreased through the last two decades as
a result of intensive irrigation practices in the study area as
well as the limited recharge of the groundwater. Accordingly,
concise water management policies should be established. Six
samples of the groundwater were collected to check the poten-
tial impact of the agricultural activities on the quality of the
groundwater. The salinity of all samples ranged from 400 to
600 ppm implying acceptable water quality of the groundwater
water and excluding the negative impact of the agricultural
land use through the last two decades on this quality.5. Conclusion
From the above discussion, it is possible to conclude the
followings:
 The satellite images are efﬁcient tools for monitoring the
changes of the spatial characteristics of the agricultural land
use in the study area through the last two decades,
42 K.M. Al-Harbi Although the agricultural activities have been increasing
through the last two decades, soil characteristics and the
quality of the groundwater did not deteriorate, and
 Establishing powerful irrigation management policies
became a necessity to sustain water reserve in the study area
for future expansion in the agricultural activities.
It is recommended to conduct remote sensing analysis at ﬁ-
ner temporal resolution on an annual basis or at least every
5 years. This would greatly help monitor the detailed changes
in the spatial characteristics of the agricultural activities. In
addition, analyzing the remote sensing imagery should not
only be carried out to identify the whole biomass of the grow-
ing plants but also for discriminating each crop types in the
study area. The socio-economic data could help as well deﬁne
the impact of the agricultural uses on water content and soil
properties. Many sectors then can gain various beneﬁts of
adopting these approaches for establishing a comprehensive
monitoring system in Tabuk area.Acknowledgement
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